Myocardial Perfusion Imaging in Hypertrophic Cardiomyopathy  by Dilsizian, Vasken et al.
IM
H
V
H
a
c
s
B
d
r
c
e
t
t
a
D
D
a
a
t
t
i
t
s
t
d
t
R
a
d
F
M
o
h
J A C C : C A R D I O V A S C U L A R I M A G I N G V O L . 3 , N O . 1 0 , 2 0 1 0
© 2 0 1 0 B Y T H E A M E R I C A N C O L L E G E O F C A R D I O L O G Y F O U N D A T I O N I S S N 0 7 3 5 - 1 0 9 7 / $ 3 6 . 0 0
P U B L I S H E D B Y E L S E V I E R I N C . D O I : 1 0 . 1 0 1 6 / j . j c m g . 2 0 1 0 . 0 7 . 0 1 3M A G I N G V I G N E T T E
yocardial Perfusion Imaging in
ypertrophic Cardiomyopathy
asken Dilsizian, MD,* Julio A. Panza, MD,† Robert O. Bonow, MD‡
YPERTROPHIC CARDIOMYOPATHY (HCM) I S A GENET IC D I SEASE with an
utosomal pattern of inheritance, characterized by left ventricular hypertrophy in the absence of another
ause of increased cardiac mass. Patients with HCM often report chest pain and demonstrate abnormal
tress-induced thallium perfusion defects without accompanying epicardial coronary artery disease (Fig. 1).
ecause myocardial thallium uptake is, in part, a function of sarcolemmal cell membrane integrity, thallium
efects observed in HCM may reﬂect disturbed cellular active cation transport system and not necessarily
educed regional myocardial perfusion. Thus, we postulated that defective Na-K ATPase transport and/or
alcium pump apparatus in HCM patients may result in reduced potassium (and, therefore, thallium)
xtraction, increased Na-Ca exchange, and excess intracellular calcium in the heart. Because uptake of
echnetium-99m sestamibi is not dependent on the active Na-K ATPase transport system, dissociation of
hallium uptake from sestamibi uptake, if present, might yield insights into a fundamental cellular
bnormality in HCM (Figs. 2 and 3).
iscussion
o thallium defects in HCM represent myocardial ischemia or fundamental disturbance of the cellular
ctive cation uptake? In HCM, thallium abnormalities during exercise may represent either reduced rate
nd/or efﬁciency of thallium transport across the sarcolemma or diminished myocardial perfusion due
o small-vessel disease. An abnormality in potassium transport might provide evidence of a fundamen-
al pathophysiologic process in this disease that could lead, through a digitalis-like effect, to increased
ntracellular levels of calcium ion. In turn, increased intracellular calcium may play an important role in
he induction of myocardial disarray and hypertrophy in HCM and be responsible for the hyperdynamic
ystolic function and impaired left ventricular relaxation and diastolic ﬁlling commonly observed in
hese patients. Of note, patients with reversible thallium defects have a greater degree of impaired
iastolic ﬁlling than do patients with normal thallium uptake, and verapamil therapy has been shown
o improve both thallium defects and impaired left ventricular diastolic function in such patients (1).
eversible thallium defects also occur in young patients with HCM and are frequently related to cardiac
rrest and syncope (2). Areas of myocardial ischemia may be causally related to the subsequent
evelopment of scar, which has also been implicated as a marker of poor prognosis in HCM patients.
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1079Figure 1. Concordance Between Normal and Abnormal Thallium and Sestamibi
Regional Defects in HCM
Representative examples of thallium and sestamibi tomograms are shown from a patient with
hypertrophic cardiomyopathy (HCM). Two consecutive short-axis tomograms are displayed for
thallium studies (top) and sestamibi studies (bottom). Stress images (upper) and reinjection or
rest studies (lower) are displayed. There are extensive septal and anterior thallium
abnormalities during stress along with left ventricular cavity dilation that improve after
thallium reinjection. The ﬁndings of sestamibi images (bottom) are concordant with those of
thallium. Our ﬁndings in 10 patients with HCM (ages 17 to 47 years) who underwent thallium
and sestamibi single-photon emission computed tomography studies on the same exercise
protocol, achieving the same exercise duration and rate-pressure product, showed
concordance of data by thallium and sestamibi studies in 94% of myocardial regions studied.
All regions determined to be normal by thallium were conﬁrmed to be normal by sestamibi,
and 88% of regions determined to be abnormal by thallium (either reversible or ﬁxed) were
also identiﬁed to be abnormal by sestamibi. Coronary arteriography was performed in patients
who were older than 30 years of age to conﬁrm patency of coronary arteries.Figure 2. Association Between Regional Echocardiographic Wall Thickness and
Exercise-Induced Thallium and Sestamibi Defects
Representative examples of thallium and sestamibi tomograms (A) and corresponding
echocardiographic images in the apical 4-chamber view (B) are shown in a patient with
asymmetrical septal hypertrophy. (A) Two consecutive horizontal long-axis tomograms are
displayed for thallium studies (top) and sestamibi studies (bottom). Stress images (upper)
and reinjection or rest studies (lower) are displayed. There are extensive septal and apical
thallium defects during stress that improve after thallium reinjection. Similar information
was obtained using stress-rest sestamibi protocol injected at the same rate-pressure
product. (B) Prominent left ventricular hypertrophy is observed in the septal region on
echocardiography that corresponds to the thallium and sestamibi perfusion defects. The
septal thickness is 25 mm. There was an overall association between regional
echocardiographic wall thickness and exercise-induced thallium defects. The mean wall
thickness in regions with thallium defects (24  10 mm) was signiﬁcantly greater than
that measured in regions with normal tracer uptake (17  7 mm, p  0.01). Although
88% of the thallium perfusion defects occurred in regions with abnormal wall thickness of
14 mm, thallium defects did not develop in all regions with hypertrophy. Among
regions with abnormal wall thickness of 14 mm, 43% had relatively normal tracer
uptake. There was no correlation between peak ﬁlling rate or time to peak ﬁlling rate, as
measured from radionuclide angiography, and the extent of myocardial perfusion defects.
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1080estamibi is not dependent on potassium transport across the cell membrane. Therefore, reproducible
vidence of exercise-induced perfusion defects by both thallium and sestamibi in 10 patients with HCM
Figs. 1, 2, and 3) supports the contention that reversible thallium defects represent true abnormalities in
egional myocardial perfusion and not a fundamental disturbance of the active Na-K ATPase transport
ystem. That thallium defects in HCM reﬂect myocardial ischemia is supported by other pieces of evidence,
ncluding abnormal lactate metabolism during atrial pacing, improvement of thallium defects after surgical
elief of left ventricular outﬂow obstruction, cardiac magnetic resonance and postmortem evidence of
atchy areas of ﬁbrotic myocardial tissue and large regions of transmural scar, and the high prevalence of
bnormally thickened intramural coronary arteries in the areas of scarred myocardium.
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Figure 3. Concordance Between Exercise-Induced Left Ventricular Cavity Dilation and
Lung Uptake by Thallium and Sestamibi in HCM
Representative examples of thallium and sestamibi tomograms (A) and corresponding
echocardiographic images in the parasternal short-axis view (B) are shown from a patient with
concentric HCM. (A) Two consecutive short-axis tomograms are displayed for thallium studies
(top) and sestamibi studies (bottom). There is apparent exercise-induced left ventricular cavity
dilation that improves after thallium reinjection. The ﬁndings of sestamibi images (bottom)
were concordant with those of thallium and suggest subendocardial hypoperfusion. (B)
Prominent concentric left ventricular hypertrophy is observed. There was concordance of data
regarding cavity dilation in all 10 patients, with 6 exhibiting exercise-induced apparent cavity
dilation and 4 having no cavity change during exercise. Four of the 6 patients with cavity
dilation had associated increased lung uptake by both thallium and sestamibi tracers.
Abbreviation as in Figure 1.R
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